Introduction
Inverse scattering problems related to the objects buried in a layered media are of importance due to the practical applications in electromagnetic theory such as detection and location of dielectric mines, medical imaging, nondestructive testing and geophysical probing etc. Although during the last two decades several techniques have been developed, most of them deal with the layered backgrounds with planar boundaries [1] [2] [3] . However in general practical applications, the bodies are buried in layered media having rough interfaces and the roughness has a strong effect on the scattering phenomena as well as inversion algorithms. Therefore realistic conditions and environments should be taken into consideration for the reconstruction of dielectric object buried under rough surfaces.
The main objective of this paper is to give a method to solve the inverse scattering problem related to the inhomogeneous cylindrical bodies buried in a half-space medium with rough surface. The scattered field measurements are assumed to be performed through a line over the rough surface. For the sake of simplicity, only the surfaces having one-dimensional profiles are considered. The materials of the bodies are assumed to be inhomogeneous (i.e., their dielectric permittivities and conductivities are functions of the location). The Distorted-Born Iterative (DBI) algorithm is used to obtain the both shape and the electromagnetic parameters of the buried objects. The method is based on updating the Green's function of the layered media with rough interface at each iteration step. The detail of the DBI method is given in [1] for the object buried under the planar interfaces. The computation of the Green's function of the layered media with rough interface is based on the buried object approach (BOA) given in [4] , where the perturbations of the rough surface from the flat one are assumed to be buried objects in a two-part space with planar interface.
Formulation of the Problem
The geometry of the problem is illustrated in Figure 1 where an interface denoted by Γ separates the whole space into two half-spaces. Γ can be defined by either a deterministic function or statistically. The roughness of the interface The transmitters are line sources, which are directed to the Ox 3 -axis, therefore the incident field is given by
where is the wave number of upper half-space and defined by ,
is the Green's function of the two-half space media with rough interface [4] , I is the electric current and "s=(s 1 ,s 2 )" is the position vector of the transmitters. The problem can be reduced to a 2D one since the geometry is uniform in the Ox 3 direction and line source is also parallel to this direction. Then component can be omitted in the subsequent analysis. The scattered field at the receiver points satisfies the following integral
where is the wave number of lower half-space defined by , is the total field (i.e., the summation of the incident field and the scattered field ) and is the actual object function, which is defined by
where . The Green's function 0 0
is obtained by using the buried object approach in which the roughness of the surfaces are assumed to be buried bodies to the two half-space media with planar interface. By using the Green's function of the two half-space media with planar interface, ) , ( s x G can be formulated as
where is the Green's function of the two half-space media with planar interface, R is two dimensional area bounded by Γ and ) , ( s x G 0 2 = x plane, which corresponds to the cross-section of the roughness and is the position vector in R. In (5) is defined as is the object function of the roughness. and it can be calculated by using (10). Equation (9) is solved iteratively until a desired level of accuracy is achieved. In other words, the iteration is continued up to the following inequality is acquired
(12)
Numerical Results
In this section, some numerical examples are given to show the validity and the effectiveness of the method. In all examples the upper half-space is assumed to be free space while the relative permittivity and conductivity of the lower half space are taken as , respectively. In order to avoid non-physical solutions the negative values of the reconstructed conductivity are also forced to zero in the algorithm. In the second example, two square shaped objects with relative permittivity and conductivity are considered to be reconstructed and all other parameters used for reconstruction algorithm are taken as in the previous application. In Figures 3a and 3b , the reconstructed relative permittivities and the conductivities of the buried objects are plotted, respectively, where it is clearly observed that the resolution of the method is satisfactory. Although the reconstructed objects in Figure  3b are sliding a bit up, it is still clear that there are two distinct objects nearby the exact locations. In order to examine the effect of the noisy data on the reconstruction algorithm presented here, random noise is added to the measurement data which is generated synthetically by solving forward problem for the same configuration and buried bodies given in previous example. In Figures 4a and 4b the reconstructed relative permittivity of two square shaped objects, obtained using 2% and 3% noisy data are plotted, respectively. As it is observed from the figures, it is still clear that there are two distinct objects and they are reconstructed at real locations, but the value of permittivity diverges and resolution of the reconstruction deteriorates as the noise increases. 
4.Conclusions
In this work a numerical solution for imaging of the cylindrical bodies buried under rough surfaces is introduced. The reconstruction algorithm presented here is based on the distorted born iterative method. The method requires the Green's function of the two half space media with rough interface which is obtained by the buried object approach as explained in [4] . It has been shown through the numerical examples that the DBI method, which is introduced for the reconstruction of the lossy dielectric bodies buried underground with planar interface, can also be applied to the reconstruction of the objects buried under rough surfaces.
